Dosing pump for a liquid fuel additive 

5 Technical field 

The invention concerns a dosing pump for a liquid additive (possibly very 
concentrated) either in the engine of a vehicle; in the exhaust gases of said 
engine; or in the case of an engine using a heavy fuel (i.e. fuel having more than 
9 carbon atoms; typically diesel), directly in said fuel and preferably, in the fuel 
10 tank. 

The aim of additives like urea, liquid ammonia, and carbamates is to lower 
the emission of pollutants like NOx and CO by the engine, while metallic salts 
(like salts of iron (Fe) or cerium (Ce) in solution in a hydrocarbon solvent) are 
generally used in order to lower the combustion temperature of the particles 
1 5 retained on the filter of the exhaust system of heavy fuel engines. 
Background art 

Existing systems use a conventional piston pump to dose additive liquid 
where it has to be injected (mostly in the engine, the exhaust gases, the fuel tank, 
the fuel feed pipe or the fuel return pipe of said engine; this will generally be 

20 called "engine circuit" in the present application). This piston pump is a fixed 
volume pump, where the pump doses a constant pre-set volume per stroke 
(generally depending on the volume of the cylinder in which the piston moves). 

US Patent Application 2003/0136355 discloses a system for feeding a fuel 
additive inside a fuel tank by means of a metering pump which is integrated in 

25 the fuel-drawing module. This metering pump is a positive displacement pump 
(piston pump) delivering a constant volume of additive on each pump cycle. The 
total required dose is delivered by actuating the pump the required number of 
cycles. The disadvantages are: 

- that any error associated with the piston volume is accumulated over the 
30 number of strokes, while an accurate dose is required for optimal results; 

- possible overdosing (because of the incapacity of delivering fractions of the 
cylinder volume), which is expensive considering the price of the additive; 
and 

- that the solenoid valves used for the actuation are typically noisy. 

35 The new invention aims at resolving at least some of these disadvantages. 
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Description of the invention 

The invention consists mainly in replacing the fixed volume pump 
described above with a variable volume pump, i.e. a pump capable of delivering 
a volume which is not necessarily pre-set. 
5 Accordingly, the present invention concerns a dosing pump for a liquid 

additive of the engine circuit of a vehicle, the pump comprising a piston, a 
cylinder and an actuator for moving the piston axially in the cylinder, and the 
actuator being a high resolution linear actuator. 

Thanks to the use of such an actuator, the pump according to the invention 
10 is a variable volume pump, capable of delivering any required volume and being 
self-priming. 

The pump according to the invention generally comprises besides the 
piston, the cylinder (housing) and the actuator, a manifold comprising at least 
one inlet and one outlet check valve for respectively inhaling and exhaling the 

1 5 additive. Such valves may be of any type; they are preferably passive (i.e. valves 
functioning automatically, i.e. not being actuated by any other means than the 
flow of liquid through them), one-way valves (i.e. they only allow one flow 
direction of liquid through them). 

The variable volume pump of the invention is preferably a syringe pump, 

20 i.e. a pump in which the piston contacts a solid surface (which may be the end of 
the pump cylinder bore or the inner surface of the manifold) at the end of each 
dose cycle. By "dose cycle," it is meant the complete sequence of operations 
between 2 successive inhalations of the pump. At the end of each cycle, the 
syringe returns to an end stop, ensuring high repeatability. Besides, the volume 

25 of additive left in the pump body after each cycle is minimized, which in turn 
minimizes the potential risk of leaks of gas or vapor from the additive that may 
occur during temperature changes. 

By "high resolution linear actuator" according to the invention, it is meant 
in fact an actuator of which the linear position can be controlled to a high 

30 resolution. By "high resolution," it is meant that the accuracy must be of less 
than or equal to 1 mm, preferably less than or equal to 0.1 mm, more preferably 
less than or equal to 50 jam. The linear actuator used in the invention preferably 
comprises an electrical stepper motor which moves the piston at very small 
increments, to achieve very high accuracy per single step, and which is 

35 controlled by a controller. The advantages of such an actuator are its small size 



-3- 



(compactness) and its low power consumption, when compared to a solenoid 
pump for instance. 

Most preferably, the linear actuator is driven by a rotary electric motor 
through a gear reduction. The benefits being that: 
5 - the gear reduction affords high precision in linear position that corresponds to 
a high accuracy in volumetric dosing of the additive, and is not noisy; and 
- the gear reduction affords high resistance to piston travel when the rotary 
electric motor is not energized, thus ensuring that the piston maintains a seal 
against the inlet and outlet apertures. 
10 Other possibilities for controlling the actuator's linear position to a high 

resolution are : 

(A) a crank driven through a gear reduction so that the linear position of the 
crank end (piston) may be controlled to a high degree of accuracy (and 
reversed at any point in the cycle); and 
15 (B) a linear actuator driven by a linear electric motor such as a piezoelectric 
motor. 

In the case of the crank (embodiment A), a long crank can be used to give 
largely linear motion to the piston. 

According to one embodiment, the pump according to the invention has a 
20 capacity equal to the maximum dose required (considering the volume of fuel 

involved), and dispenses a volume up to the maximum dose. This means that the 
required additive volume is delivered through only one cycle of the pump, which 
is indeed a very silent solution, but is of somewhat larger size. 

According to another, preferred embodiment, the pump according to the 
25 invention has a shrunken capacity (i.e. lower than the maximum dose) in order to 
fit into more locations on the vehicle. The pump dispenses the required additive 
volume by one or more injections (i.e. through one or more pump cycles). 

In that embodiment, the piston exactly fits the manifold so that all the 
additive is repeatably squeezed out. This means the pump only needs to be 
30 accurate when inhaling. 

The pump according to the invention generally uses a seal to ensure 
tightness between the piston and the cylinder. This seal may be a sliding seal, 
disposed radially on the piston head and sliding with the piston inside the 
cylinder. But preferably, this seal is a low friction dish seal (diaphragm) having 
35 at least one portion attached to the cylinder and moving with it. The benefits of 
such a seal are that: 
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- much lower forces are presented to the motor when the piston is first moved 
after an important period of non-use, avoiding slipping of the motor and 
guaranteeing the pump accuracy; 

- a layer of additive is not left on the internal surface on the syringe to dry and 
5 flake off, avoiding potential electrical short circuits or jamming of a 

mechanism; and 

- leakage is impossible and in consequence the accuracy is conserved. 

Another advantage of the diaphragm seal is that it can accommodate radial 
movement, making it quite compatible with a fixed crank linear actuator 

1 0 (embodiment A described above). 

In that regard, it is worth noting that although the main object of the 
present invention is a pump driven by a high resolution linear actuator, all the 
advantages of the diaphragm seal described above are also present in the case of 
a pump without such an actuator. While such a pump is known from US Patent 

1 5 4,874,299, the pump described therein is a reciprocating one, i.e. a fixed volume 
pump and not a variable volume pump. Accordingly, a variable volume pump 
with a diaphragm which would be as described above except for the presence of 
a linear actuator, is another aspect of the present invention. Although, for dosing 
diesel additives, the choice of a linear actuator is preferred. 

20 The materials of which the pump according to the invention are made of 

are chosen to be resistant to the additive to be dosed. Generally, the piston and 
cylinder are plastic (like PBT (polybutylene) for instance) and the seal(s) are 
elastomeric, most preferably a fluorinated silicone elastomer. In the case of a 
dish seal, its shape and material are very important to prevent stretching of the 

25 seal when the pump 'inhales'. The profile of the seal is preferably designed so 
that the forces (and hence, the stretching of the seal) are minimized during 
inhalation. Other means may include material reinforcement of the seal or 
coating the seal with a material like PTFE (polytetrafluoroethylene, commonly 
called "Teflon") to prevent stretch (and increase material compatibility). 

30 In dosing pumps using a dish seal, the volume dosed is not linear with 

movement of the piston. However, the shape of the seal is adapted to minimize 
that phenomenon and the remaining non-linearity is removed electrically (by the 
controller that drives the motor). 

Preferably, the dosing pump according to the invention is part of the fuel 

35 system of a heavy fuel engine. Therefore, according to another aspect, the 
present invention concerns a fuel system equipped with a dosing pump as 
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described above. By fuel system, it is meant all the elements/devices which are 
used in the fuel handling (storage, supply and return in the case of diesel). Such a 
system generally comprises at least a fuel tank, a filler pipe, venting lines, and 
fuel supply/return lines, as well as an additive reservoir in the frame of the 
5 present invention. 

According to that embodiment, the pump is preferably located in one of the 
following locations within the fuel system: 

a. in the filler pipe area, especially if the additive reservoir is located there as 
described in patent application FR 03.13073; 
10 b. between the additive reservoir and the fuel tank; 

c. on the fuel tank, above or under it (especially if the additive reservoir is 
integrated to the fuel tank as described in patent application FR 04.00856); in 
that case, it preferably is close to the fuel drawing module fixed on the tank; 

d. within the fuel drawing module as described in the above mentioned US 
15 patent; or 

e. close to or on the fuel return line (returning hot fuel from the injection rail of 
the engine to the fuel tank). 

This is namely so that a common pump body design can be incorporated 
into many different system configurations, through the use of bespoke fluid 
20 manifolds as described above. 

The controller of the dosing pump according to that embodiment may be 
told the amount of additive to dose, or preferably, the amount of fuel that has 
been added (so that the processor can calculate the required dose - only the 
controller needs to know the concentration and type of additive in use). 
25 Brief description of the drawings 

The present invention is illustrated in a non-limiting way by figures 1 to 4, 
which in fact depict 2 preferred embodiments of the present invention. 

Figure 1 illustrates a sectional view of a syringe pump with a sliding seal 
according to a first embodiment; 
30 Figure 2 illustrates an exploded view of a syringe pump with a sliding seal 

according to the first embodiment; 

Figure 3 illustrates a sectional view of a syringe-membrane pump 
according to a second embodiment; and 

Figure 4 illustrates an exploded view of a syringe-membrane pump 
35 according to the second embodiment. 

In these figures, identical numbers refer to identical/similar items. 
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Description of figures 1 and 2: embodiment 1 

These figures represent a syringe pump with sliding seal having a capacity 
of about 8 ml. 

The syringe inhales through an in-hole (I) in manifold (6), seal (5) and one- 
5 way valve (2), the additive liquid, by the piston (3) performing only a single 
proportional course at a calculated dosing quantity. 

The piston (3) moves by means of a stepper motor and gear reduction 
which are part of an actuator (7). There is a sliding seal (4) between the piston 
(3) and the cylinder (1). 
10 After the liquid inhalation, the syringe pushes through an out-hole (O) in 

support (6), seal (5') and one-way valve (2*), the additive liquid, by the piston 

(3) , to the diesel fuel tank. 

Description of figures 3 and 4: embodiment 2 

These figures represent a membrane-syringe pump with dish seal having a 
1 5 capacity of about 0.5 ml. 

Its storage/reset position is shown in figure 3. The piston pushes the seal 

(4) up against the manifold (6), i.e. its end-stop. 

The seal (4) is fixed between the cylinder (1) and manifold (6) at its perimeter 

(forming an additive tight seal) and attached to the piston (3) via its flat top (F). 
20 When the piston (3) moves, the top of the seal (F) moves with it and a void is 

created between the manifold (6) and the seal (4). 

The syringe inhales through an in-hole in manifold (6) and one-way valve 

(2), the additive liquid, by the piston (3) performing a multiple of strokes up to 

the calculated dosing quantity. 
25 The piston (3) moves by means of a stepper motor and gear reduction 

which are part of an actuator (7), which in this case is made in one piece with the 

cylinder (1). 

The following sequence defines one cycle of the pump: 

- The stepper motor is driven by the controller so that it rotates through a set 
30 number of steps. The number of steps is equivalent to a predetermined linear 

travel. 

- As the piston (3) moves, the cracking pressure of the inlet valve is exceeded 
and additive flows into the void created between the manifold (6) and seal (4). 

- The piston (3) stops when the motor has turned the number of steps instructed 
35 by the controller. It then changes direction and the outlet check valve (not 

shown) and diesel tank check valves open once their combined cracking 
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pressures have been exceeded. Additive flows from the void and into the 
diesel tank until the piston (3) bottoms out against the manifold (6). 
The volume of additive dosed is dependent on the volume of the void 
formed between the manifold (6) and the seal (4). This volume is determined by 
5 the convolution formed by the seal (4) when the piston (3) is displaced. 

A dose comprises of one or more cycles, and between each cycle, the motor 
drives the linear actuator to its storage/reset position. 

Pump resolution, size and accuracy of a single step, is a function of the 
stepper motor resolution and is constant and independent of the volume 
10 delivered. 

The syringe-membrane pump delivers the entire pump volume within a 
short period of time. 

Common features of embodiment 1 (figures 1 and 2) and 2 (figures 3 and 4) 

Both pumps allow performing a dosing of very concentrated additive liquid 
15 (metal concentration rate 10% for instance) for an addition of diesel fuel 
(between 5 and 120 liters). 

The minimum linear step of the piston (3) is very small, in the range of 10 
to 50 jxm. 

The electric power consumption is very low (for instance 5 Watts at 12 
20 Volts). 

Two simple passive valves are used and the system is flexible across a 
wide range of dose levels. 

This concept is not noisy since it uses passive valves instead of solenoid 
valves. 
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